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(54) Title: MODULAR SYSTEM FOR SEPARATING COMPONENTS OF A LIQUID SAMPLE 

(57) Abstract: The present invention provides a modular system for separating components of a liquid sample. The system includes 
arrays of units that may be assembled in scries to perform multiple separations on a liquid sample in a single step. Also, the modular 
nature of the system permits a device according to the present invention to be designed to perform different separation schemes on 
one or more liquid samples within a single device. 
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MODULAR SYSTEM FOR 
SEPARATING COMPONENTS OF A LIQUID SAMPLE 



Background of the Invention 

Chemical and analytical processes often require separating components of a liquid 
sample. For example, a liquid sample may include solutes or suspended particulates that 
inhibit or otherwise interfere with certain chemical or analytical processes. Therefore, it 
may be desirable to remove one or more potentially interfering components from the 
liquid sample before subjecting the sample to a chemical or analytical process. This may 
be particularly desirable when the liquid sample has a biological source and, therefore, 
may include a large number of potentially interfering substances. 

Many methods of separating components of a liquid sample are known, e.g., 
filtration, affinity chromatography, ion exchange chromatography, size exclusion, solid 
phase extraction, microfiltration, and the like. Many of these separation methods have 
been incorporated into devices that permit separation of multiple samples at once. Such 
devices often conform to a standardized format such as a 96-well or 384-well array. 

For example, a multi-well test plate may include a plurality of test strips in which 
each test strip includes a number of wells. The wells may include a microporous 
membrane for separating a liquid sample. The separation may be performed by spinning 
the multi-well test plate in a centrifuge. 

Microliter quantities of liquid sample may be separated using a multi-well plate 
that includes a linear array of filter wells releasably attached to a base. Each well in an 
array forms a cylinder. One end of the cylinder is open for receiving the liquid sample. 
The other end of the well includes filter material that is attached to the bottom surface of 
the cylindrical wall of the well. The filter material may be attached by heat sealing, 
ultrasonic welding or otherwise adhering to the bottom surface of the cylinder. The filter 
array/base assembly may be connected to a vacuum manifold that provides a pressure 
differential that draws a liquid sample in a well through the filter material, thereby 
performing some degree of separation on the sample. 

Another device provides a plurality of sample containers, each of which may 
include a layer of selectively absorbing separation material secured inside the sample 
container with a retaining ring. Securing the separation material inside the sample 
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container in this manner reduces the likelihood and extent to which the liquid sample can 
leak past the separation material. It also reduces the likelihood that the separation material 
may become dislodged from the well because the separation material is physically 
anchored inside the sample container portion of the well and is not merely adhered to the 
5 bottom edge of a cylindrical well wall. The device may be connected to a vacuum 
manifold in order to draw the liquid samples through the separation material, thereby 
achieving separation of the samples. 

Certain devices permit column chromatography to be performed simultaneously on 
a plurality of liquid samples. A collection plate containing a plurality of collection wells 
10 is connected to a column manifold containing a plurality of apertures. The collection 

wells and apertures are aligned to conform to a standardized format. Each aperture in the 
column manifold is capable of receiving a separation column containing a liquid sample. 
Column chromatography may be performed on the liquid sample using centrifugation or a 
vacuum. 

15 A solid phase extraction (SPE) assembly may include a plurality of collection 

* 

wells arranged to conform to a standardized format such as a 96-well array. The assembly 
also may include a plurality of removable extraction cartridges aligned with the collection 
wells. Each cartridge may include an outlet spout to assist in directing the liquid sample 
from the extraction cartridge into a corresponding collection well. Each cartridge also 

20 may include a frit/sorbent composite pressed against the inside wall of the cartridge. In 
some cases, the frit-sorbent composite may be supported by a support structure designed 
to prevent the frit/sorbent composite from sagging into the outlet spout as liquid sample 
passes through he cartridge. 

Certain filtration systems include a vacuum manifold base and a removable cover 

25 containing apertures capable of receiving columns having filter material for filtering a 
liquid sample. The inside walls of each column are tapered so that the diameter of the 
open portion of the column is greater at the top of the column than at the bottom of the 
column. The filter material is press fit in the column to a point where the filter material 
rests on a ledge formed in an interior wall of the column. If desired, a larger diameter 

30 filter may be employed and seated against a second ledge formed in an interior wall of the 
column. The columns may be integrally formed to provide a set of columns arranged in an 
array. 
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Summary of the Invention 

The present invention provides a modular separation device for separating a liquid 
in which the device includes a first array of separation units and a second array of units. 
5 Each unit in the first array of units includes at least one body wall that defines an inlet end 
and an outlet end, and also includes at least one mating structure configured to be 
complementary to a mating structure of a corresponding unit of a second array; an inlet 
opening at the inlet end; a separation layer disposed between the inlet opening and the 
outlet end; and at least one placement structure associated with the at least one body wall 

10 or the separation layer. Each unit in the second array of units includes at least one body 
wall that defines an inlet end and an outlet end and at least one mating structure 
configured to be complementary to the mating structure of a corresponding separation 
unit. Furthermore, at least one unit of the second array includes a separation layer 
disposed between the inlet end and the outlet end of the unit. 

15 Certain embodiments include a third array of units. Each unit in the third array 

includes a body having an inlet end and an outlet end and at least one body wall that 
defines, at least in part, an inlet opening at the inlet end and an outlet opening at the outlet 
end; and at least one mating structure at the outlet end configured to be complementary to 
the mating structure at the inlet end of the at least one unit of the second array. 

20 In certain embodiments, a separation layer, when present may be secured using a 

securing member such as a retaining ring. 

In another aspect, the present invention provides a modular element of a device for 
separating a liquid sample in which each modular element includes a plurality of 
separation units. Each separation unit includes a body having an inlet end, an outlet end, 

25 and at least one body wall that at least partially defines an inlet opening at the inlet end 
and an outlet opening at the outlet end; at least one mating structure generally located at 
the inlet end of the body and configured to mate with a complementary mating structure of 
a stackable element, thereby forming a mating junction; and a separation layer disposed 
between the inlet opening and the outlet opening. 

30 In certain embodiments, each unit also may include a second mating structure 

generally located at the outlet end of the body configured to mate with a complementary 
mating structure of a second stackable element. 
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The separation layer, when present, may include a filter, a solid phase extraction 
(SPE) medium, a porous thermoplastic or metallic frit, a microporous membrane, a 
nonwoven glass fiber matrix, a packed particle column, or any combination of the above. 
The modular element also may include one or more units that do not include a separation 
5 layer. 

Various other features and advantages of the present invention should become 
readily apparent with reference to the following detailed description, examples, claims and 
appended drawings. In several places throughout the specification, guidance is provided 
through lists of examples. In each instance, the recited list serves only as a representative 
10 group and should not be interpreted as an exclusive list. 

Brief Description of the Drawings 

In the several figures of the attached drawing, like parts bear like reference 
numerals, and: 

15 Fig. 1 is an expanded perspective view of one embodiment of a separation device 

according to the present invention. 

Fig. 2 is a side cross-section view of a portion an array of tip units according to one 
embodiment of the present invention. 

Fig. 3 is a side cross-section view of an alternative embodiment of a tip unit 
20 according to the present invention. 

Fig. 4 is a side cross-section view of a portion of an array of intermediate units 
according to one embodiment of the present invention. 

Figs. 5a-d are side cross-section views of exemplary embodiments of mating 
structures according to the present invention. 
25 Figs. 6a and 6b are side cross-section views of exemplary embodiments of 

placement structures according to the present invention. 

Fig. la is a top view of one embodiment of a separation layer according to the 
present invention. 

Fig. lb is a side cross-section view of the separation layer shown in Fig. 7a. 

30 

Detailed Description of Illustrative Embodiments of the Invention 
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Many chemical or analytical processes involve separating one or more components 
of a liquid sample. Often, only a limited amount (i.e., microliter volumes) of a liquid 
sample may be available. For example, sample preparation for genomic or proteomic 
applications can require separation of a microliter- volume liquid sample in order to obtain 
5 a sample that is useful for a particular process or analysis. Alternatively, one may wish to 
perform one or more diagnostic analyses on microliter-volume samples that are not readily 
replaceable or replenishable. 

Because biological samples often have include a large number of substances that 
can interfere with the sensitivity or specificity of a particular process or analytical assay, it 

10 may be desirable to be able to perform multiple separations on biological samples. The 
present invention provides devices and methods for subjecting a liquid sample to multiple 
separations. The present invention also provides devices and methods for performing 
separations on a plurality of liquid samples. The devices may be designed so that all 
samples loaded into a device are treated similarly, i.e., undergo the same separation 

15 regimen. Alternatively, the device may be configured so that the user controls the 

particular separation scheme to which a sample is subjected. Thus, a plurality of samples 
may be subjected to any number - up to the number of samples being loaded into the 
device - of different separation schemes. 

Certain devices according to the present invention offer many advantages over 

20 presently known separation devices. Separation devices according to the present invention 
include modular components that permit the user to conveniently design the separation 
scheme for each sample. In some cases, each sample may be subjected to the same 
separation scheme while in other cases it may be desirable to design different separation 
schemes for different samples. 

25 Each modular component may be small enough to (a) minimize loss of sample, for 

example, between separations, and (b) provide certain manufacturing advantages. The 
modular components may be stackable so that a plurality of components may be connected 
in series. Each component may or may not include a separation layer, as desired. In this 
way, one can design a device including a plurality of modular components suitable for 

30 subjecting multiple samples to a plurality of separation schemes, each scheme capable of 
having multiple separation steps. Having all of the several separations performed within a 
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single device saves substantial labor associated with transferring partially processed 
samples from one separation device to another device for a subsequent separation step. 

Therefore, the devices of the present invention are particularly suited for 
performing high throughput processes including but not limited to sample preparation and 
5 high throughput analyses including but not limited to diagnostic assays, each of which 
may involve liquid samples from multiple sources, multiple separation schemes, 
separation schemes including multiple separation steps, or any combination of the 
foregoing. 

Fig. 1 shows an exploded view of one embodiment of a modular separation device 

10 10 according to the present invention. The embodiment shown includes an array of tip 
units 12, an array of intermediate units 14, and an array of sample containers 16. When 
the device is assembled, the tip units, intermediate units, and sample containers may be 
aligned to form an array of separation chambers. Thus, each separation chamber of the 
device illustrated in Fig. 1 includes, in series, a tip unit, an intermediate unit, and a sample 

15 container. Generally, the number and types of units in the arrays that are assembled to 
form a separation device determine the composition of a separation chamber. 

The device shown in Fig. 1 , when assembled, includes an array of 96 separation 
chambers that conforms to a standard 96-well format. That is, the separation chambers are 
configured to receive samples from, for example, a standard 96-tip pipettor and deposit 

20 separated samples into, for example, a 96-well microtiter plate. 

Devices that conform to a standard format (e.g., 96-well) may provide the 
advantage of being suitable for use with existing instrumentation. However, devices 
according to the present invention may be designed to conform to any format. For 
example, a device may be designed to include separation chambers in any two- 

25 dimensional array (e.g., 8x12, 16x24, etc.), any length of linear array, or an irregular- or 

non-array format. For convenience only, the following description of devices according to 
the present invention is provided in terms of a two-dimensional array. The modular 
features of the present invention are equally applicable to linear array and irregular- or 
non-array devices. 

30 The array of tip units 12, array of intermediate units 14, and array of sample 

containers 16 each may be manufactured as frangibly connected units in a bulk array. 
Therefore, each array of units that is to be incorporated into a separation device 10 may be 
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provided by ( 1 ) separating the desired array of units from the bulk array, or (2) assembling 
a plurality of smaller arrays. Moreover, one array may be provided in one manner (e.g., 
separation from a bulk array) while one or more of the other arrays may be provided in a 
different manner (e.g., assembly of smaller arrays). 
5 This feature of the present invention provides a user with the flexibility to design a 

separation device according to the present invention to best satisfy the user's specific 
needs for a particular application. Also, any number of separation chambers within an 
array may be used for a particular application. As will be discussed in more detail below, 
certain portions of the array may be designated for different separation schemes or may be 
10 left unused. 

Tip Units 

As used herein, a tip unit refers to the unit at the outlet end of a separation 
chamber. Thus, a tip unit may form only one mating junction, that mating junction being 

15 at the inlet end of the tip unit. In many applications, liquid sample that has been subjected 
to one or more separations in the separation chamber exits the separation chamber through 
the outlet opening of a tip unit for collection, analysis, detection, further processing, etc. 

Fig. 2 illustrates a portion of a linear array of tip units 12. Adjacent units in the 
array are connected by a frangible connection 32. Each unit includes a body wall 20. In 

20 the embodiment shown, the body wall 20 is continuous with the connection 32. However, 
the connection 32 may include any means of frangibly connecting adjacent units. Each tip 
unit includes an inlet opening 18 and an outlet opening 22. 

Tip units may be constructed of any suitable material. Suitable materials include 
materials that provide sufficient structural integrity for a particular application. In some 

25 embodiments, materials used for construction of the tip units may be selected to be inert 
with respect to suspected components (e.g., solvents, solutes, suspended particulates, and 
the like) of liquid samples that may be separated in a device that includes the tip units. 
Suitable materials include but are not limited to glass, metals, and thermoplastic polymers 
such as polystyrenes, polypropylenes, polyurethanes, polyethylenes (including high- 

30 density polyethylene), polycarbonates, polyacrylates, polymethacrylates, polyvinyl 
chlorides, and the like. 
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Each tip unit also includes at least one mating structure 34 designed to be 
complementary to a mating structure of a corresponding stackable element. When 
assembled, the mating structures of the tip unit and the stackable element form a mating 
junction. The stackable element may be either an intermediate unit or a sample container, 
5 depending upon the design of the separation device 10. The mating structures may be of 
any suitable design and may result in either a reversible or permanent connection (i.e., 
mating junction) between the tip unit and the stackable element. Also, regardless of 
whether the mating structures form a reversible or permanent connection, the mating 
structures may form a hermetic seal at the mating junction. 

10 Fig. 2 shows an array of tip units in which each tip unit includes a mating structure 

34 that includes a recess (i.e., a female mating structure) in the form of a shelf near the 
inlet end opening 18. The illustrated mating structure 34 is designed to receive a 
complementary mating structure (i.e., a male mating structure) of a corresponding 
stackable element, e.g., an intermediate unit. However, the tip unit may include a male 

15 mating structure and the corresponding stackable element may include the complementary 
female mating structure. 

A female mating structure may include any specialized structure intended to 
receive a complementary structure male mating structure. Such specialized female mating 
structures include but are not limited to a recess, groove, shelf, and the like. However, a 

20 female mating structure may be as simple as a body wall configured to have an internal 
diameter that is slightly greater than the external diameter of a male mating structure of 
another stackable element, as shown, for example, in Fig. 5b. Thus, a mating junction 
resulting from the assembly of units having such mating structures may create a slight 
interference fit connection. 

25 Fig. 5d illustrates an alternative embodiment in which the tip unit mating structure 

34 includes a recess 35 in the interior surface of the body wall 26. The intermediate unit 
mating structure 36 includes a protrusion 37 designed to fit within the recess 35 and 
thereby form a snap-fit connection. Alternatively, the snap-fit connection may be 
provided by a recess on the intermediate unit and a complementary protrusion on the tip 

30 unit. 
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In some embodiments, a male mating structure may have an outward bias so that it 
exerts face pressure against the interior surface of the female mating structure. In this 
way, the mating structures may create a press-fit connection. 

Each tip unit may include one or more separation layers 28. The separation layer 
5 28 may be constructed from any material suitable for separating one or more components 
of a liquid sample. Materials suitable for use in constructing the separation layer 28 
include but are not limited to a filter, a solid phase extraction (SPE) medium, a porous 
thermoplastic or metallic frit, a microporous membrane, a nonwoven glass fiber matrix, a 
packed particle column, and the like. The separation layer may achieve separation of the 

10 liquid sample by one or more separation strategies, including but not limited to size 
exclusion, affinity, ion exchange, solid phase extraction, ligand binding, chelation, 
microfiltration, and the like. The particular separation layer material used may be at least 
in part determined by the particular component that is intended to be separated from the 
liquid sample. For example, a particle derivatized with a non-polar hydrocarbon (e.g., a 

15 C18 hydrocarbon) may be particularly desirable for separating one or more non-polar 
components from a liquid sample. Many separation materials are known to those of 
ordinary skill in the art and separation strategies employing the known separation 
materials are also known. 

In certain embodiments, the separation layer includes a three-layer laminate that 

20 includes a sheet of SPE medium between a pre-filter layer and a support layer. Suitable 
laminates are described in International Publication No. WO 00/15331, published March 
23, 2000, and International Publication No. WO 01/51206, published July 19, 2001. 

The separation layer also may include a scrim layer for structural support. Certain 
separation materials may not be sufficiently robust, alone, to withstand the combination of 

25 forces (e.g., positive pressure or vacuum potential) to which the separation layer is 

exposed during use of the device. Nevertheless, those materials may have particularly 
desirable separation characteristics for a particular separation scheme. Thus, a scrim may 
be included in the separation to provide additional structural support for the separation 
material. In this way, a broader scope of suitable separation materials may be used in a 

30 device according to the present invention, allowing such devices to have broader utility. 
Any suitable supportive material may be used to construct the scrim layer. The scrim 
material may be selected so that it is substantially inert to the components of the liquid 



-9- 



WO 03/103812 PCT/US03/10973 

sample. Alternatively, the scrim material itself may provide some degree of sample 
separation. 

The separation layer 28, when present, may be secured within a tip unit by any 
suitable means. Suitable means include structures or features that may be included in or 
5 on the body wall 20, structures or features that may be included in or on the separation 
layer 28, a securing member, or any combination of any of the foregoing. 

Suitable body wall structures include but are not limited to a ledge, a recess, or a 
tab. A ledge may include any structure that extends generally perpendicular to the interior 
surface of the body wall 20 and can provide positional support to the separation layer 28. 
10 For example, a bottom wall 54 portion of the body wall, shown in Figs 2 and 3, may be 
considered to be a ledge providing positional support to the separation layer 28. A ledge 
may be an integral structure of the body wall or a non-integral structure affixed to the 
body wall in any suitable manner. 

A recess 56, shown in Fig. 6a, may include any form of slot, indentation, 
15 invagination or the like into which an insertable portion 58 of the separation layer 28 may 
be inserted, thereby providing positional support for the separation layer 28. A tab 60, 
shown in Fig. 6b, may include any structure of the interior surface of the body wall 26 that 
generally constricts the diameter of the tip unit and then forms an inverted ledge. Thus, 
the separation layer 28 may be inserted into the tip unit past the tab 60 and snap-fitted in 
20 place. 

Suitable body wall features that may help secure the separation layer include an 
adhesive area. The adhesive area may be inherently adhesive as a result of materials 
selected to construct the body wall 20. Alternatively, an adhesive may be applied to a 
portion of the body wall 20 for securing the separation layer 28. Suitable adhesives 
25 include but are not limited to pressure sensitive adhesives, thermoset adhesives, hot-melt 
adhesives, film adhesives, activated adhesives, and the like. 

Suitable separation layer structures include but are not limited to a frame, a scrim, 
an outwardly biased tensile member, and the like. 

A frame 62, such as that shown in Fig. la, may include any external element 
30 providing structural support to the separation layer. A frame may be a continuation of the 
separation layer material or, alternatively, may be constructed of a different material than 
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the separation layer. If it is constructed of a different material than the separation layer, at 
least a portion of the frame may be attached to at least a portion of the separation layer. 

A frame may provide positional support for the separation layer in conjunction 
with a ledge or recess in the body wall of the tip unit. In combination with a ledge, a 
portion of the frame may rest on a portion of the ledge. The frame may be designed to 
provide a fluid-tight press fit with the body wall, thereby securing the position of the 
frame and, therefore, the separation layer 28. Alternatively, an adhesive may be used to 
secure the position of the separation layer. The adhesive may be applied to a portion of 
the ledge, a portion of the frame, or both. An adhesive may be used alone or in 
combination with a frame designed to provide a fluid-tight press fit. 

In combination with a recess in the body wall, a portion of the frame may fit within 
the recess. In some embodiments, the recess may form a continuous recessed channel in 
the body wall and the edge of the frame may be configured to fit into the channel. In other 
embodiments, the body wall may include a plurality of recesses and the frame may include 
a plurality of structures such as flanges 64, shown in Fig. lb. The flanges 64 may be 
designed to fit into recesses in the body wall, thereby providing positional support for the 
separation layer. An adhesive may be applied to a portion of a recess, a portion of the 
frame, or both in order to further secure the frame and, therefore, the separation layer. 

In certain embodiments, the separation layer may be secured by incorporation of an 
outwardly biased tensile member at or near the periphery of the separation layer. The 
tensile member may be designed to conform to the shape of the interior surface of the 
body wall - either by being constructed to the specified shape or by being sufficiently 
malleable that it is able to adopt the conformation imposed by the interior surface of the 
body wall. The tensile member also may serve to stretch the separation layer, thereby 
promoting complete and efficient flow of the liquid sample through the separation layer, 
thereby also promoting complete and efficient separation of the liquid sample. 

The separation layer also may be secured, at least in part, by certain features of the 
separation layer. For example, as previously described, the separation layer may include 
one or more adhesive areas. The adhesive area may result from the application of an 
adhesive or may be inherent from the materials used to construct the separation layer. 

In some embodiments, a securing member may secure the separation layer inside 
the tip unit. In one embodiment, the securing member may include a retaining ring 30. 
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For example, the separation layer 28 may be secured with a retaining ring 30 that forms a 
substantially fluid-tight face seal with the body wall 20 of the tip unit and a substantially 
fluid-tight compressive seal with the separation layer 28. Thus, a retaining ring 30 
promotes more complete treatment of a liquid sample by the separation layer 28 because 
the retaining ring 30 limits the likelihood and extent to which a portion of the liquid 
sample may leak around the separation layer 28. 

Certain embodiments of the present invention include features that provide 
manufacturing advantages, particularly when present in conjunction with the use of a 
retaining ring to secure the separation layer. For example, the distance between the inlet 
opening 16 and the final location of the retaining ring 30 may be relatively short in the tip 
units of the present invention. A relatively short distance may ease placement of a 
retaining ring in the tip unit. If the placement of the retaining ring is performed manually 
during manufacture of the tip unit array, increasing the ease with which one can properly 
place the retaining ring in the tip unit may provide substantial reduction in labor 
production costs. 

The separation layer may be secured using any one or combination of structures, 
features or additional members described above. Some structures or features, alone, may 
provide a fluid-tight seal. For example, the retaining ring may be designed, and certain 
adhesives may be selected, to provide a fluid-tight seal. 

In other cases the securing member may not, by itself, limit the likelihood and 
extent to which a portion of the liquid sample might leak around the separation layer. 
Thus, in embodiments in which the securing member does not, by itself, provide a fluid- 
tight seal, it may be desirable that the tip unit also includes means for limiting the 
likelihood and extent of sample leakage. For example, a gasket may be used in 
conjunction with the securing means. The gasket may be provided as a separate element 
of the tip unit. Alternatively, a portion of the securing means may be designed to have 
gasket-like properties, i.e., capable of forming a fluid-tight seal. For example, a 
supportive frame or a tensile member may include a gasket-like edge that is able to form a 
fluid-tight seal with the body wall. 

Each tip may further include a spout 24 to help direct liquid sample from the tip 
unit to a collection chamber. Each unit also may further include a collar 40. The collar 40 
may be configured to fit inside an internal wall of a collection chamber and, therefore, 
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assist in aligning the tip unit (and, by extension, the separation chamber) with the 
collection chamber (e.g., a well of a 96-well microliter plate). 

Intermediate units 

As used herein, an intermediate unit refers to any unit that is not a tip unit or a 
sample container. A tip unit may be designed similarly to a tip unit except that an 
intermediate unit may be capable of forming a mating junction at its outlet end. A tip unit 
may be designed similarly to a sample container except that an intermediate unit may be 
capable of forming a mating junction at its inlet end. Indeed, an intermediate unit may 
function as a sample container if the intermediate unit is able to hold the entire volume of 
liquid sample. 

One embodiment of an array of intermediate units 14 according to the present 
invention is shown in Fig. 4. The array may be linear (as shown) or two-dimensional. 
Individual intermediate units may be connected in the array by a frangible connector 42. 
Thus, one or more intermediate units may be separated from an array for use in a 
separation device such as that shown in Fig. 1. 

Each intermediate unit includes a body wall 44 that defines, at least in part, an inlet 
opening 46 and an outlet opening 48. At the outlet end, each intermediate unit includes a 
first mating structure 36 designed to be complementary to a mating structure of a 
corresponding first stackable element. Depending upon the configuration of the separation 
device, the first stackable element may include, for example, another intermediate unit or a 
tip unit. Each intermediate unit also includes a second mating structure 50 designed to be 
complementary to a mating structure of a corresponding second stackable element. 
Depending upon the configuration of the separation device, the second stackable element 
may include, for example, another intermediate unit or a sample container. 

The embodiment shown in Fig. 4 illustrates an array of intermediate units in which 
the first mating structure includes a male mating structure and the second mating structure 
includes a female mating structure. However, each mating junction may be designed in 
any suitable manner, i.e., in any mating pair the top stackable element may include either a 
male or female mating structure and the bottom stackable element also may include either 
a male or female mating structure, so long as the mating structures are complementary to 
one another so that the stackable elements can properly mate. 
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Figs. 5a-d illustrate some possible mating structure embodiments. Figs. 5a-d 
illustrate mating junctions between a tip unit and a intermediate unit. However, the 
mating structures shown may be included in any mating junction between two stackable 
units in a separation device according to the present invention, e.g., an intermediate unit- 
5 intermediate unit mating junction or a sample chamber-intermediate unit mating junction. 

For clarity, Figs. 5a-d generally show units without a separation layer and securing 
member, except for the tip unit of Fig. 5b 9 which includes a separation layer. A separation 
layer and, when appropriate, a securing member may be used in conjunction with any of 
the mating structures illustrated in Figs. 5a-d, as well as many mating structures not 
10 specifically illustrated. 

Fig. 5a shows a mating junction between a tip unit and an intermediate unit. As 
illustrated, the tip unit includes a mating structure 34 that includes a shelf in the body wall 
20. The shelf forms a female mating structure that can receive a male-type intermediate 
unit mating structure 36. The intermediate unit mating structure 36 may include a stake 52 
15 that may at least partially secure the mating junction. In certain embodiments, such as that 
shown in Fig. 5a, the interior surface of the stake 38 may be substantially flush with the 
interior surface of the body wall 26. Such an embodiment may decrease the likelihood 
and extent of sample loss due to irregularities in the body wall at the mating junction. 

An alternative approach to minimizing sample loss is shown in Fig. 5c. The 
20 female mating structure includes a shelf in the body wall, while the male mating structure 
includes a notch that fits into the shelf of the female mating structure. In contrast to the 
embodiment shown in Fig. 5a, the male mating structure shown in Fig. 5c does not include 
a stake. A mating junction such as that shown in Fig. 5c may provide a readily reversible 
mating junction, which may be desirable for certain applications. 
25 Fig. 5b illustrates an alternative embodiment in which the male-type intermediate 

unit mating structure 36 includes a stake 52 that extends far enough into the tip unit so that 
the stake 52 contacts the separation layer 28 of the tip unit. This design may eliminate the 
need for a separate securing member to secure the separation layer 28 because the stake 52 
may provide a mating function and simultaneously may secure the separation layer of the 
30 tip unit. The end of the stake 52 may include a gasket or gasket-like material so that the 
junction of the stake 52 and the separation layer 26 forms a substantially fluid-tight seal. 
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Fig. 5d illustrates a snap-fit mating junction. As shown, the male-type 
intermediate unit mating structure 36 includes a protuberance that is complementary to a 
recess formed in the female-type tip unit mating structure 34. Alternatively, a female 
mating structure may include the protuberance and the complementary male mating 
structure may include the recess. A protuberance may be of any suitable geometry 
including but not limited to a nub, a bump, a ridge, a spike, a cone, and the like. A mating 
junction may include one or more protuberance-recess pairs. If a plurality of 
protuberance-recess pairs is present, the plurality may include any desired heterogeneous 
or homogeneous combination of geometries. The snap-fit character of the mating junction 
shown in Fig. 5d may provide greater integrity to the mating junction because the mated 
units may be less readily separable. 

Referring again to Fig. 3, each intermediate unit also may include one or more 
separation layers 28. Suitable materials for use in the separation layer of an intermediate 
unit include those materials listed above with regard to the materials suitable for use in the 
separation layer of a tip unit. The separation layer 28, if present, may be secured in any 
manner described above as suitable for securing the separation layer of a tip unit. 

Intermediate units may be constructed from any suitable material. Suitable 
materials include those materials suitable for construction of the tip units. The 
intermediate units may be constructed from the same materials as those used to construct 
the tip units in certain embodiments. If desired, however, the intermediate units may be 
constructed of different materials than those used to construct the tip units. 

If desired, the intermediate units may include a collar, spout, or both, as shown 
with regard to a tip unit in Fig. 3, but such structures are not required. . 

Sample Containers 

As used herein, a sample container refers to a unit that optionally may be included 
at the inlet end of a separation chamber. Thus, a sample container may form only one 
mating junction, that mating junction being at the outlet end of the sample container. 

Devices according to the present invention also may include one or more sample 
containers. A sample container generally includes a hollow enclosure designed to connect 
to a tip unit or an intermediate unit. Thus, a sample container generally adds volume 
capacity to a separation chamber. If a plurality of sample containers is present, the sample 
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containers may be arranged in any form or size of array, as previously described with 
regard to tip units and intermediate units. A sample container optionally may include one 
or more separation layers. If desired, any separation layer in a sample container may be 
secured with a securing member. Materials and designs suitable for the separation layer 
5 and securing member in a sample container include those materials and designs described 
above as suitable for the separation layer and securing members of the tip units and 
intermediate units.. 

Each sample container includes at least one body wall that at least partially defines 
an inlet opening at an inlet end and an outlet opening at the outlet end. Suitable structures 

10 and materials for the body wall and, if present, separation layer and securing member of a 
sample container include those structures and materials previously described with regard 
to the structures and materials suitable for the body wall, separation layer and securing 
member, respectively, of the tip units and intermediate units. 

A liquid sample may be loaded into a separation chamber through the inlet opening 

15 of the sample container. At the outlet end, the sample container includes a mating 

structure that is designed to be complementary to a mating structure of a corresponding 
stackable element. Depending upon the design of the separation device, the stackable 
element may be a tip unit or an intermediate unit. The sample container mating structure 
may include any suitable mating structure including but not limited to those previously 

20 described as suitable for tip units and intermediate units. 

Separation Devices 

A separation device according to the present invention includes an array of 

separation chambers. Each separation chamber may include a plurality of units in series. 
25 Each unit may be a member of an array, such as is shown with regard to tip units in Fig. 2. 

Thus, a separation device according to the present invention may include a plurality of 

stacked arrays, as shown in Fig. 1. Each aiTay, and therefore the separation device, may 

be a linear array or a two-dimensional array. 

A unit of a first array (e.g., a tip unit) may include a mating structure that is 
30 complementary to a mating structure of a corresponding unit of a second array (e.g., a 

intermediate unit), so that the two units can be assembled to form a mating junction. 
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Either unit may include a female mating structure so long as the other unit includes a male 
mating structure so that the two can properly mate. 

A unit may include more than one mating structure. For example, a unit may be 
designed to mate with two other units to form a series of three units. If a unit includes 
5 more than one mating structure, it may include any suitable combination of male and 

female mating structures. For example, a unit having two mating structures may include 
two female mating structures, two male mating structures, or one female mating structure 
and one male mating structure. 

The particular mating structures used at one mating junction between two units 

10 may be the same or different than the mating structures used to form any other mating 

junction, whether in the same separation chamber or a different separation chamber. For 
example, a separation device according to the present invention may include a two- 
dimensional array of separation chambers, each chamber including three units: a tip unit, a 
intermediate unit and a sample container. A plurality of chambers may include one or 

15 more snap-fit connections in order to provide a generally secure assembly. Other 
chambers in the array may include slight interference fit or press-fit connections. 

Similarly, a separation chamber that includes a plurality of units also may include a 
plurality of separation layers. A plurality of separation layers may be provided one 
separation layer per unit, two or more separation layers per unit, or any combination of 

20 units having different quantities of separation layers. 

The material used to construct one separation layer and, therefore, the component 
of the liquid sample intended to be separated by that separation layer, may be the same or 
different than any other separation layer in the separation chamber. Also, the separation 
layers and particular combination of separation layers used in one separation chamber may 

25 be the same or different than the separation layers or combination of separation layers 
used in any other separation chamber. Thus, a single separation device that includes a 
plurality of separation chambers may be designed to perform a variety of different 
separation schemes. 

A single separation chamber in a device according to the present invention may 
30 include a plurality of units. Each unit may have a separation layer and a securing member. 
The separation layer of one unit (e.g., a intermediate unit) may be the same or different 
than the separation layer of any other unit (e.g., a tip unit, intermediate unit or sample 
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container) in the separation chamber. Also, the securing member used to secure a 
separation layer in one unit may be the same or different than the securing member used to 
secure the separation layer of any other unit. 

The variety of separation schemes possible using a device according to the present 
invention is at least partially due to the modular nature of the device. A device may be 
custom designed to perform as many or as few separation schemes as desired. Moreover, 
each separation scheme may be as simple (a single separation performed on a plurality of 
identical samples) or as complex (multiple separations performed on multiple samples) as 
desired. 

A device according to the present invention may be designed to perform single 
separations such as those familiar to one skilled in the art. Thus, one is able to perform a 
full range of separations using devices according to the present invention. It may be 
particularly convenient to one skilled in the art to be able to perform simple and complex 
separation schemes using a single system. 

A simple separation scheme may be performed by providing a separation layer in 
each tip unit in an array. The dimensions of the array may be custom designed for a 
particular application. For example, if one has ten liquid samples that require filtration, 
one can design an array including ten separation chambers, each separation chamber 
including at least a tip unit. 

As previously described, the tip units may be constructed and provided in a bulk 
array of frangibly connected units. The bulk array may be a linear array of any convenient 
length or a two-dimensional array of any convenient size. Tip units may be removed from 
the bulk array and transferred for use a separation device. Filtration material may be 
loaded into the tip units and secured, if desired, with an appropriate securing member 
during construction, after the tip units are removed from the bulk array, or after the tip 
units are assembled into the separation device. 

If the volume of any sample is greater than the volume of the tip unit, a sample 
container may be connected to as many tip units as necessary to permit the array to hold 
all of the liquid samples. In general, the sample container may or may not include a 
separation layer. Because a separation layer is present in the tip unit in this example, a 
separation layer is not required in the sample container. 



- 18- 



WO 03/103812 PCT/US03/10973 

The liquid samples may be loaded into the separation chambers. The liquid 
samples may be drawn through the filtration material by any suitable method including but 
not limited to gravity, centrifugation, applying positive pressure, or applying a negative 
pressure differential, such as may be provided by a vacuum manifold. Use of a vacuum 
5 manifold may include the use of a base configured to conform to a standardized array 
format. If only a portion of the standardized array format is used, as in the present 
example, some means of providing a substantially airtight seal over the unused portion of 
the array may be desirable to maintain a sufficient pressure differential to draw the liquid 
samples through the filtration medium. The filtered samples may be collected in any 

10 suitable collection chambers including but not limited to standardized multi-well arrays. 

A simple two-dimensional array may be used to separate many aliquots of a larger 
liquid sample. For example, a full 96-chamber array may be used to separate 96 aliquots 
of a liquid sample. In one embodiment, each separation chamber may be designed to have 
a separation layer constructed from the same separation material as the separation layers of 

1 5 every other separation chamber. 

Alternatively, sub-arrays within the separation device may be dedicated to 
performing different separations on aliquots of a single large sample. For example, a 
device according to the present invention may be constructed to include three different 9x4 
arrays of separation chambers within a larger 96-chamber array. Each 9x4 array may be 

20 differentiated from the other 9x4 arrays by the material selected for use in the separation 
layer and, therefore, the component or components of the liquid sample intended to be 
removed from the sample by the 9x4 array. 

Each sub-array may be formed by removing a 9x4 array from a bulk array 
including the desired separation layer pre-loaded into the units of the bulk array. 

25 Alternatively, a sub-array may be formed by assembling any sub-combination of arrays 
(linear, two-dimensional, or both) of appropriate units to achieve the desired sub-array 
dimensions (in this case, 9x4). In yet another alternative, the sub-array may be formed by 
loading the desired separation material into appropriate units of a larger array. 

Aliquots of the liquid sample may be loaded into all of the separation chambers. 

30 The aliquots may be drawn through the separation chambers and collected by any suitable 
methods such as those previously described. In this way, one may perform three different 
separations on a single liquid sample. 
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Although described in the context of providing three 9x4 sub-arrays within a 96- 
chamber device, the separation device and method just described may be designed to 
particular specifications desirable for a specific application. The sub-arrays need not all 
be of similar size or dimensions compared to other sub-arrays. The larger array may be of 
5 any size and may or may not conform to a standardized array format, although conforming 
to standardized array formats may be convenient for certain ancillary steps such as loading 
aliquots of the liquid samples and collecting the separated samples. 

A separation device that includes sub-arrays may be useful for performing different 
separations on a plurality of different liquid samples. In a device that includes three 9x4 

10 sub-arrays as described above, each sub-array may be used to perform separations on a 
plurality of different liquid samples. 

A device according to the present invention may be designed to permit 
increasingly complex separation schemes by including one or more arrays of intermediate 
units. Each intermediate unit array may be constructed in a manner similar to that 

15 described above for constructing a tip unit array. That is, an intermediate unit array may 
be linear or two-dimensional and of any size appropriate for the desired separation device. 
The intermediate units may be constructed and provided in a bulk array of frangibly 
connected units. Each intermediate unit may include a separation layer that, when present, 
may be loaded into the intermediate unit during construction, after construction but before 

20 assembly into the separation device, or after assembly into the device. 

Each intermediate unit array may include sub-arrays that are distinguishable from 
one another by the separation material used for the separation layers of units within the 
sub-arrays. Alternatively, certain intermediate units may lack separation layers altogether. 
Intermediate units lacking separation layers may form a discrete sub-array or may be 

25 single units such as, for example, for forming part of a control separation chamber. 

When present, the separation layer in a intermediate unit may be constructed of 
material that is the same or different than the material used to construct the separation 
layer of any other unit in the same separation chamber. A series of units having similar 
separation materials in separation layers may be desirable for ensuring that a particular 

30 component of a liquid sample is removed from the sample as completely as possible - 

limited as little as possible by factors that can limit the amount of a component that can be 
removed by a single separation layer, e.g., saturation of the separation material. 
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A series of units having separation layers constructed of different materials may be 
desirable for removing, in a single separation step, multiple components from a liquid 
sample that cannot all be adequately removed from the sample using a single separation 
material. Any desired combination of separation materials may be stacked in series by 
5 incorporation into units assembled into a separation chamber in a device according to the 
present invention. For example, a separation chamber could be designed to include a first 
separation layer (e.g., in a sample container) selected for removing large components such 
as cell debris by size exclusion; a second separation layer (e.g., in a intermediate unit) may 
be selected to remove nucleic acids; a third separation layer (e.g., in another intermediate 

10 unit or a tip unit) may be selected to remove hydrophobic proteins; and so on. In this way, 
simple or complex separation schemes may be designed for each separation chamber 
within a device according to the present invention. 

Because each array and the units that make up each array are modular; a device 
according to the present invention may be designed to include separation chambers, side- 

15 by-side, that include different separation schemes. Also, because it is not required that 
each unit include a separation layer, a separation chamber having a complex separation 
scheme may be side-by-side with a separation chamber having a simple separation scheme 
simply by providing one or more intermediate units without separation layers in the 
simple-scheme separation chamber. Intermediate units without separation layer thus may 

20 act as spacers that permit all of the separation chambers within the device are of 
substantially similar height. 

Certain embodiments of devices of the present invention having separation 
chambers of substantially similar height may be desirable for certain applications. For 
example, such embodiments may permit more accurate loading of liquid samples into the 

25 separation chambers, particularly if the loading process is automated. Also, such 
embodiments may make it easier to create air-tight seals across the entire array of 
separation chamber inlet openings, such as may be desirable when, for example, the liquid 
sample is intended to be drawn through the separation layers by the generation of a 
vacuum. 

30 The complete disclosures of the patents, patent documents and publications cited 

herein are incorporated by reference in their entirety as if each were individually 
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incorporated. In case of conflict, the present specification, including definitions, shall 
control. 

Various modifications and alterations to this invention will become apparent to 
those skilled in the art without departing from the scope and spirit of this invention. 
5 Illustrative embodiments and examples are provided as examples only and are not 

intended to limit the scope of the present invention. The scope of the invention is limited 
only by the claims set forth as follows. 
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What is Claimed is: 

1 . A modular separation device for separating a liquid comprising: 

a first array of separation units, each separation unit of a plurality of separation 
units comprising: 

5 at least one body wall that defines an inlet end and an outlet end, and 

comprises at least one mating structure configured to be complementary to a 
mating structure of a corresponding unit of a second array, 
an inlet opening at the inlet end, 

a separation layer disposed between the inlet opening and the outlet end, 

10 and 

at least one placement structure associated with the at least one body wall 
or the separation layer; and 

a second array of units, each unit of a plurality of units of the second array 
comprising: 

15 at least one body wall that defines an inlet end and an outlet end, 

at least one mating structure configured to be complementary to the mating 
structure of a corresponding separation unit; 

wherein at least one unit of the second array further comprises a separation layer 
disposed between the inlet end and the outlet end of the unit. 

20 

2. The modular device of claim 1 wherein the separation layer in at least one 
separation unit comprises a filter, a solid phase extraction medium, a porous thermoplastic 
or metallic frit, a microporous membrane, a nonwoven glass fiber matrix, a packed particle 
column, or any combination of the foregoing. 

25 

3. The modular device of claim 2 wherein the separation layer of one separation unit 
is different than the separation layer of a second separation unit. 

4. The modular device of claim 1 wherein the separation layer of at least one unit of 
30 the second array comprises a filter, a solid phase extraction medium, a porous 

thermoplastic or metallic frit, a microporous membrane, a nonwoven glass fiber matrix, a 
packed particle column, or any combination of the foregoing. 
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5. The modular device of claim 4 wherein a plurality of units of the second an-ay 
comprise a separation layer. 

6. The modular device of claim 5 wherein the separation layer of one unit of the 
second array is different than the separation layer of a second unit of the second array. 

7. The modular device of claim 3 wherein a plurality of units of the second array 
comprise a separation layer. 

8. The modular device of claim 7 wherein the separation layer of one unit of the 
second array is different than the separation layer of a second unit of the second array. 

9. The modular device of claim 4 wherein the separation layer of at least one 
separation units is different than the separation layer of at least one unit of the second 
array. 

10. The modular device of claim 1 further comprising a securing member in contact 
with at least a portion of at least one separation layer. 

11. The modular device of claim 10 wherein the securing member comprises a 
retaining ring. 

12. The modular device of claim 1 wherein the second array comprises at least one 
unit that includes a separation layer and at least one unit that does not include a separation 
layer. 

13. The modular device of claim 1 wherein at least one unit of at least one array 
comprises two or more separation layers. 

14. The modular device of claim 13 wherein the two or more separation layers are 
constructed from different materials. 
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15. The modular device of claim 1 wherein the second array comprises at least one 
unit further comprising at least one mating structure at the inlet end of the unit. 

16. The modular device of claim 15 further comprising a third array that comprises a 
5 plurality of units, each unit of the third array comprising: 

a body having an inlet end and an outlet end and comprising at least one body wall 
that defines, at least in part, an inlet opening at the inlet end and an outlet opening at the 
outlet end; and 

at least one mating structure at the outlet end configured to be complementary to 
10 the mating structure at the inlet end of the at least one unit of the second array. 

17. The modular device of claim 16 wherein at least one unit of the third array further 
comprises a separation layfcr disposed between the inlet opening and the outlet opening. 

15 18. The modular device of claim 17 wherein the separation layer of the unit of the third 
array comprises a filter, a solid phase extraction medium, a porous thermoplastic or 
metallic frit, a microporous membrane, a nonwoven glass fiber matrix, a packed particle 
column, or any combination of the foregoing. 

20 19. The modular device of claim 18 wherein a plurality of units of the third array 
comprise a separation layer. 

20. The modular device of claim 19 wherein the separation layer of at least one unit of 
the third array is different that the separation layer of a second unit of the third array. 

25 

21 . The modular device of claim 20 wherein the separation layer of at least one unit of 
the third array is different from the separation layer of at least one unit in the first array. 

22. The modular device of claim 20 wherein the separation layer of at least one unit of 
30 the third array is different from the separation layer of at least one unit in the second array. 
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23. The modular device of claim 16 wherein at least one unit of at least one array 
comprises two or more separation layers. 

24. The modular device of claim 23 wherein the two or more separation layers are 
constructed from different materials. 

25. A modular element of a device for separating a liquid sample comprising: 
a plurality of separation units in which each separation unit comprises 

a body having an inlet end and an outlet end, and comprising at least one 
body wall that at least partially defines an inlet opening at the inlet end and an 
outlet opening at the outlet end; 

at least one mating structure generally located at the inlet end of the body 
and configured to mate with a complementary mating structure of a stackable 
element, thereby forming a mating junction; and 

a separation layer disposed between the inlet opening and the outlet 
opening. 

26. The modular element of claim 25 wherein the separation layer comprises a filter, a 
solid phase extraction medium, a porous thermoplastic or metallic frit, a microporous 
membrane, a nonwoven glass fiber matrix, a packed particle column, or any combination 
of the foregoing. 

27. The modular element of claim 26 wherein the separation layer of a first separation 
unit is different that the separation layer of at least one other separation unit. 

28. The modular device of claim 25 wherein at least one separation unit comprises two 
or more separation layers. 

29. The modular device of claim 28 wherein the two or more separation layers are 
constructed from different materials. 
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30. The modular element of claim 25 wherein the mating structure of at least one 
separation unit and the complementary mating structure of at least one stackable element 
form a reversible press fit seal. 

5 31. The modular element of claim 25 wherein the mating structure of at least one 

separation unit and the complementary mating structure of at least one stackable element 
form an at least substantially irreversible seal. 

32. The modular element of claim 25 wherein the separation unit and the stackable 
10 element form a snap-fit connection. 

33. The modular element of claim 32 wherein the mating structure of one of the 
separation unit and the stackable element comprises a protuberance and the mating 
structure of the other unit comprises a recess. 

15 

34. The modular element of claim 25 further comprising a securing member. 

35. The modular element of claim 34 wherein the securing member comprises a 
retaining ring. 

20 

36. The modular element of claim 25 wherein at least one separation unit further 
comprises an outlet spout extending axially from the body and comprises an outlet end in 
fluid communication with the outlet opening. 

25 37. The modular element of claim 25 wherein the plurality of separation units forms a 
linear array. 

38. The modular element of claim 25 wherein the plurality of separation units forms a 
two-dimensional array. 

30 

39. The modular element of claim 25 wherein at least two separation units are 
frangibly connected. 
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40. The modular element of claim 25 further comprising: 

a second mating structure generally at the outlet end configured to mate with a 
complementary mating structure of a second stackable element. 

5 

41. The modular element of claim 40 wherein the second mating structure of at least 
one separation unit and the complementary mating structure of at least one stackable 
element form a reversible press-fit seal. 

10 42. The modular element of claim 40 wherein the second mating structure of the 

separation unit or the mating structure of the stackable element comprises a protuberance 
and the mating structure of the other unit comprises a recess. 

43. The modular element of claim 40 wherein the units form a linear array. 

15 

44. The modular element of claim 40 wherein the units form a two-dimensional array. 

45. The modular element of claim 40 wherein at least two units are frangibly 
connected. 

20 



-28- 



WO 03/103812 PCT/US03/10973 



1/3 




Fig- 2 



WO 03/1 0381 2 PCTYUS03/1 0973 




Fig. 3 




34 . 
20 



4 



36 



S 

s 



9\ 



38 




52 



26 



Fig. 5a 



34 > 
52 



36 



ll ■ 1 1 1 ■ 1 1 1 1 



1 1 1 1 1 1 1 1 



28 



Fig. 5b 



WO 03/103812 



PCT/US03/10973 



3/3 






Fig. 5d 




Fig. 6a 



Fig. 6b 




28 



1 M I N I M I 



62 



64 



Fig. 7b 



Fig. 7a 



t 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/US03/10973 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) : B01D 63/00, 61/00, 24/00, 25/00. 27/00; BOIL 11/00. 3/00.9/00 
US CL : 422/101,102,104; 210/321.6, 644, 645, 322, 348, 346, 483 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 422/101,102,104; 210/321.6, 644, 645, 322, 348, 346, 483 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 

X 
Y 

Y 



. AJS 5,108,704 A (BOWERS et al) 28 April 1992 #8.4. 1992) Figures, abstract, col 2 line 5 
col 3 line 15, col 4 lines 31-50, col 5 line 43- col 6 line 39, col 8 lines 26-47, col 9 lines 14- 
24, col 10 lines 48-68, col 11 lines 49-68. claims 

JJS 5,208,161 A (SAUNDERS et al) 04 May 1993 (04.05.1993) Figures, entire 
specification 



1-5,7,13-19,23-38 



US 2001/0001643 Al(SIMPSON et al) 24 May 2001 (24.05.2001) page 1 para 0003, 0006; 
page 2 para 0026, figures 



6,8,9,12,20-22. 39-45 

1-5,7.13-19,23-45 
6,8,9,12,20-22 

1-45 



□ 



Further documents are listed in the continuation of Box C. 



□ 



See patent family annex. 



* Spec ial categories of cited documents: 

"A" document defining the general state of the an which is not considered to be 
of particular relevance 

"E" earlier application or patent published on or after the international filing date 

"L* document which may throw doubts on priority claim(s) or which is cited to 
establish the publication date of another citation or other special reason (as 
specified) 

"O" document referring to an oral disclosure, use. exhibition or other means 

"P" document published prior to the international filing date but later than the 
priority date claimed 



« y* 



later document published after the imernational filing date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
11 June 2003 (11.06.2003) 


Date of mailing ofthe international search report 

28 JUL 2003 


Name and mailing address of the ISA/US 
Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Facsimile No. (703)305-3230 


Authorized officer 

Krishnan S Menon Jeaa ^ c ,$t 
Telephone No. 703-308-0661 ft " : '*^3jflU* 



Form PCI7ISA/210 (second sheet) (July 1998) 



